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Western U.S. Snowpack as described by the April 1 Snow Water Equivalent (SWE). 
©American Meteorological Society. Used with permission. Changes in snow-related 
variables over time in 13 CMIP5 general climate models using RCP 8.5 forcing and 
their multimodel-ensemble average, statistically downscaled and averaged across all 
the mountainous regions of the western United States. 
From Pierce, David W., Daniel R. Cayan, 2013: The Uneven Response of Different 
Snow Measures to Human-Induced Climate Warming. J. Climate, 26, 4148–4167.  
http://journals.ametsoc.org/doi/pdf/10.1175/JCLI-D-12-00534.1
Modeled Snow Water Equivalent
About the photo
Photo at top of page is courtesy of 
the Yosemite Conservancy, showing 
the view of the High Sierra from the 
conservancy’s Sentinel Dome webcam 
on Feb. 19. It showed minimal snow 
cover. See other Yosemite Conservancy 
webcams:  
http://yosemiteconservancy.org/
webcams
Michael J. Hayes
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In 2013, Pierce 
and Cayan had 
a fascinating 
article that 
appeared in 
the Journal 
of Climate. In 
their article, 
they used 
13 global 
climate models to depict changes 
in the dynamics of different snow 
measures for the western United 
States. This topic is an important 
one because most of the region’s 
water supplies come from the 
snow that falls in the western 
mountains.
What fascinated me and 
grabbed my attention was one 
particular figure that illustrated 
the snow water equivalent (SWE) 
for the West on April 1 for each 
year for the periods 1950-2005 
continued on page 2
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(the historical era) and 2010-2099 
(the future era). April 1 is the 
traditional date when the SWE 
is at a maximum for most of the 
mountainous areas across the 
region. In this figure, the models 
used depicted a slight downward 
trend in SWE between 1950 and 
2000. However, the downward 
trend in the projection accelerated 
during the future era so that the 
multimodel ensemble average 
of April 1 SWE was less than 50 
percent by 2100.
I thought to myself: “Wow, I 
wonder what this future would 
actually look like if it were to 
occur?” As it turns out, I may 
not have a long time to wait for 
an answer. The 2014-15 snow 
season across the western U.S. 
may give us a taste of this future 
depicted by Pierce and Cayan. It 
is not necessarily that the season 
has been dry, although it has 
been in many places. Rather, it is 
about the fact that the season has 
also been warm. This has meant 
that snowpacks across the West 
measured by SWE are unusually 
low…alarmingly low! Assessments 
of the SWE on April 1, 2015, 
revealed mostly below-normal 
snowpacks across the West, 
and stunningly low snowpacks in 
many places from Washington to 
California. In fact, many stations 
from Washington to New Mexico 
had already “melted out” by April 
1, which means there was no 
snowpack when the assessment 
was made. For California, a state 
entering its fourth year of drought, 
the April 1 snowpack was 5 
percent of normal, by far the lowest 
on record, and certainly in the 
territory of the very worst scenarios 
depicted on the Pierce and Cayan 
figure. Models are often blamed as 
being too pessimistic. In this case, 
however, it was demonstrated 
that models may not be able to 
capture the devastating impacts of 
an actual extreme event. I believe 
that having the 2014-15 snowpack 
drought will help us to appreciate 
the implications of the Pierce and 
Cayan figure even more.
What will this mean as 2015 
progresses? Some of that remains 
to be seen. But states are already 
taking actions. Although managing 
through this drought will take a 
coordinated real-time response 
from a variety of organizations, the 
year can also serve as a future 
scenario exercise for the U.S. 
West. We all need to be ready to 
watch, record, and learn from what 
happens, for there will be many 
potential lessons. As California 
and its neighbors struggle through 
2015, the entire nation needs to be 
thinking, “What can we learn from 
this?”
Tune in and follow us on YouTube
http://go.unl.edu/droughtflix
continued from page 1
Ranchers in the southern Plains can learn about 
managing for long-term drought by 
coming to one of four workshops 
organized by the National Drought 
Mitigation Center and partners. 
The first three workshops will be in 
Oklahoma: May 21 at the Beaver 
County Fairgrounds; June 3 at 
the Frisco Center in Clinton, and 
June 4 at the Golf & Country Club 
in Frederick. Another workshop is 
being scheduled for July in Texas. 
All are 10:30 a.m.-3 p.m.
All workshops will start with 
a presentation by the NDMC’s 
Tonya Haigh, “Managing Drought 
Risk on the Ranch.” Next up 
will be an update on the current 
drought status and outlook for the 
region, followed by a presentation 
from the U.S. Department of 
Agriculture’s Risk Management 
Agency on the “Role of Pasture, 
Rangeland and Forage Insurance 
in a Drought Plan.” 
At the Beaver County 
workshop, the lunch speaker will 
be Sam Fuhlendorf, Oklahoma 
State University, on “Thinking 
Outside of the Box: Fire, Grazing 
and Rangeland Health,” followed 
by Curtis Bensch, Oklahoma 
Panhandle State University, 
“Managing Regrowth and Drought 
Recovery,” then Britt Hicks, 
OSU, “Managing Cattle with 
Limited Forage Resources,” and 
concluding with a producer panel. 
At the Clinton and Frederick 
workshops, the lunch speaker 
will be Ted Alexander from the 
Alexander Ranch, and afternoon 
speakers will be Fuhlendorf, 
followed by Marty New and Dana 
Zook, OSU livestock specialists 
on “Water Quality for Cattle,” and 
Chris Richards, OSU Extension 
and Research beef cattle nutrition 
specialist, on “Sulfur in Cattle 
Diets.” 
Register by Monday, May 18, 
for the May 21 workshop, which 
is free, or by Monday, June 1, 
for either of the June workshops, 
which cost $15. Find registration 
Workshops starting May 21 to help southern Plains ranchers 
deal with long-term drought
links as well as updates on the 
July workshop at the NDMC’s 
Managing Drought Risk on the 
Ranch website: http://drought.unl.
edu/ranchplan
Workshops are made possible 
by the USDA’s RMA. Partners 
include Oklahoma State Extension 
Service, the Southern Climate 
Impacts Planning Program, the 
Southern Plains Regional Climate 
Hub, the USDA’s Agricultural 
Research Service Grazinglands 
Research Laboratory, the Great 
Plains Grazing CAP Project, 
Beaver County Conservation 
District, and Hargrove Ranch 
Insurance.
Find registration links and updates 
on the NDMC’s Managing Drought Risk on the Ranch website: 
http://drought.unl.edu/ranchplan
Photo courtesy of the University of Nebraska-Lincoln
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First Quarter 2015: Drought expands in Midwest, remains 
entrenched in West
By Brian Fuchs, Climatologist,  
National Drought Mitigation Center
Drought classifications are based 
on the U.S. Drought Monitor. 
Details on the extent and sever-
ity of drought are online at http://
droughtmonitor.unl.edu/archive.
html. The outlook integrates exist-
ing conditions with forecasts from 
the National Oceanic and Atmo-
spheric Administration’s Climate 
Prediction Center:  
http://www.cpc.ncep.noaa.gov/
Drought
Dryness during the first 
quarter of the year, especially 
over the Midwest and western 
United States, brought with it 
an expansion of drought. From 
January through March, drought 
increased in the contiguous 
United States from 28.68 to 36.84 
percent of the region. Severe 
drought increased from 16.93 to 
18.60 percent, extreme drought 
was stable at 8.97 percent, and 
exceptional drought increased from 
2.54 to 3.34 percent. By the end of 
March, 78 million people were in 
drought-affected areas -- including 
20.6 million people in areas with 
Outlook 
The seasonal drought outlook from the Climate Prediction Center has most of 
the drought in the western United States remaining through the end of July, 
with some areas of the Great Basin likely to see improvements. The Upper 
Midwest also remains in drought during this time with potential expansion 
into more of Wisconsin and Michigan. From the central to the southern 
Plains, there is potential for improvement and removal of drought, but 
drought will persist in some areas along the Texas-Oklahoma border. Further 
development of drought on the Big Island of Hawaii is also a possibility.
continued on next page
exceptional drought -- compared 
to 66.4 million people in moderate 
drought or worse at the beginning 
of the year. With an expansion of 
drought on the Big Island, drought 
was affecting 26.36 percent 
of Hawaii at the end of March, 
compared to 2.76 percent at the 
beginning of the year. Alaska and 
Puerto Rico had no drought. 
Temperatures
According to the National 
Centers for Environmental 
Information (NCEI), California, 
Oregon, Nevada, Washington, 
Arizona, Utah, and Wyoming 
had their warmest January to 
March period ever in 121 years of 
records, while Vermont and New 
York had their coldest first quarter 
on record.  For the contiguous 
United States, the period of 
January to March ranked as the 
98th warmest period out of 121 
years on record. There was a 
regional contrast of temperatures, 
with the western United States 
experiencing record or near-
record warmth, and portions of 
the Northeast with record or near-
record cold. The western United 
States was generally 4-8 degrees 
above normal during the quarter 
while the Northeast was 6-10 
degrees below normal. The Florida 
peninsula was also 2-3 degrees 
above normal while most of the 
area from Texas into the Midwest 
was 2-6 degrees below normal. 
Precipitation 
The year started out dry, as 
NCEI ranked January-March 2015 
for the contiguous United States 
as the 7th driest period in the last 
121 years of records. The drought 
conditions in the western United 
For a more detailed review 
of conditions, please see the 
NDMC’s Drought and Impact 
Summaries for January, 
February and March.
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States changed little during the 
first quarter, as California had its 
4th driest period on record and 
Nevada and Wyoming had their 
6th driest on record. Much of the 
central Plains and upper Midwest 
were also dry. South Dakota 
recorded its driest first quarter 
ever while Wisconsin’s ranked 3rd 
driest, Michigan and New York, 
4th driest, and Nebraska, 5th 
driest. As January through March 
is normally a very wet period 
for California, the departures 
from normal precipitation during 
this time were 12-18 inches in 
most portions of central and 
northern California. Most areas 
of the West were as much as 4 
inches drier than normal. With 
the warm temperatures, most 
of the precipitation that fell was 
rain and not snow with record 
low snowpack being reported 
over much of the West. Parts of 
the Southeast, the Appalachian 
Mountains and the Northeast were 
4-8 inches drier than normal. Much 
of the central Plains and Midwest 
were also as much as 4 inches 
drier than normal. A few areas 
were on the wet side. Portions of 
the northern Rocky Mountains, 
New Mexico and Colorado saw 
slightly wet conditions, receiving 
up to 4 inches more than normal 
precipitation. East Texas, northern 
Louisiana and southern Arkansas 
recorded precipitation that was 4-8 
inches above normal.
continued from previous page 
First Quarter 2015 Drought Impacts: Low snowpack spurs 
measures to cope with another dry year
By Denise Gutzmer, Drought 
Impact Specialist
The dry, warm winter dealt a harsh blow to California and 
much of the Southwest and Pacific 
Northwest, bringing little snow and 
dashing hopes for the growing 
season. The lack of snowfall meant 
2015 will be the fourth consecutive 
dry year. Drought impacts 
continued to build, with shortages 
in irrigation deliveries, unavoidable 
reductions in crop production 
and hardships for farmers and 
others with agriculture-dependent 
livelihoods. The Drought Impact 
Reporter has catalogued about 
230 impacts for the first quarter 
of 2015, with most of the impacts 
related to water supply and 
responses to shortfalls and 
anticipated shortfalls. California 
and Texas saw the most impacts, 
with 148 and 30, respectively.
State of California 
imposes first-ever 
mandatory restrictions
Reservoirs were alarmingly low 
along sections of the West Coast 
and cannot be refilled by snowmelt 
because little is available. In 
California, limited water availability 
has reached crisis proportions 
because the abundant rainfall that 
began in December 2014 came 
to an abrupt halt in January. Much 
of the winter precipitation fell as 
rain rather than snow, amounting 
to the smallest snowpack in the 
Sierra Nevada since 1950, with 
just 5 percent of normal on April 
1 when snow depth is typically 
at its greatest. Reservoirs were 
abysmally low, leading Gov. 
Jerry Brown to order statewide 
mandatory water use cuts of 25 
percent for the first time in the 
state’s history.  
The Water Resources Control 
Board on March 17 announced 
new water use restrictions, 
including limiting outdoor watering 
to two days per week, prohibiting 
lawn watering during rainfall and 
the two days following, requiring 
restaurant patrons to ask for water 
if they desire it and offering hotel 
guests the option of reusing towels 
and sheets.
“Sierra Nevada Snowpack Is Virtually 
Gone; Water Content Now Is Only 5 Percent of 
Historic Average, Lowest Since 1950,” CA Dept. 
of Water Resources press release, April 1, 2015.
“Governor Brown Directs First Ever 
Statewide Mandatory Water Reductions,” 
Governor’s Office press release, April 1, 2015
Reduced water deliveries 
from state, federal water 
projects
The sparse snowpack also 
led the State Water Project 
(SWP), which supplies 25 
million Californians, to announce 
allocations of only 20 percent 
of contracted amounts for its 
customers in 2015. The Central 
Valley Project (CVP) announced 
on Feb. 27 allocations of zero 
percent for agricultural water 
service contractors. Municipal and 
industrial water service contractors 
will receive enough water to meet 
their health and safety needs or 
at least 25 percent of their historic 
use, whichever is greater. 
“Sierra Nevada Snowpack Is Virtually 
Gone; Water Content Now Is Only 5 Percent of 
Historic Average, Lowest Since 1950,” CA Dept. 
of Water Resources press release, April 1, 2015.
“Reclamation Announces Initial Water 
Supply Allocation for Central Valley Project,” 
Bureau of Reclmation press release, Feb. 27, 
2015
Guarding reservoir 
contents
Protecting reservoir storage is 
a high priority, prompting the State 
Water Resources Control Board 
to permit the state and federal 
water projects to conserve water 
in upstream reservoirs and more 
effectively operate their facilities 
in light of persistent drought. With 
these changes, the SWP and 
CVP are better able to balance 
public health, water supply and 
environmental needs and prepare 
continued on next page
The largest single category of drought impacts reported in the first quarter of 
2015 concerned water supply, closely followed by drought response. 
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for continuing extreme drought.
“State Water Board Addresses State and 
Federal Water Projects Petition to Conserve 
Water During Drought Conditions (Board Also 
Announces Further Action to Curtail Water 
Diversions),” California Water Boards media 
release, Feb. 3, 2015.
“State Water Board Revises Order for 
State and Federal Water Project Operations 
During Drought,” California Water Boards media 
release, March 6, 2015
Additional drought relief 
funds
Fifty million dollars in drought 
relief funds became available for 
Western states struggling with 
years of drought. California is 
designated to receive most of 
the aid, with the Central Valley 
Water Project getting $20 million 
for water transfers, drought 
monitoring for endangered species 
and diversifying water supplies. 
Another $14 million is available 
for farmers and local water 
departments to reduce water use 
continued from previous page 
For much more detail 
on drought impacts in 
California, Texas and 
other affected areas, 
please see:
• NDMC’s Monthly 
Drought and Impact 
Summaries for 
January, February 
and March 2015.
• The Drought Impact 
Reporter.
For the first quarter of the year, 
the Drought Impact Reporter 
had logged 232 impacts as of 
late April. Impacts are added 
continuously so the number may 
continue to grow. 
This chart shows the eight states with the most impacts in the first quarter 
of 2015. California, which is large, populous, and undergoing a prolonged, 
serious drought, had by far the most impacts reported. 
and devise response plans to cope 
with ongoing drought. 
“Federal government to boost drought 
funding by $50 million,” by Fenit Nirappil, 
Associated Press, Feb. 6, 2015
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MAY 2009
No drought D1: Moderate drought
AUGUST 2010
D3: Extreme drought
MAY 2011
What does drought look like? Oklahoma State 
Climatologist Gary McManus has 
been tracking the state of a spring-
fed pond south of Buffalo, Oklahoma, 
where he fished as a kid. His photos 
show its journey from 2009 through 
early 2015. 
The pond was looking flush in 
May 2009, about a month after a 
good 20-26-inch snowfall event in late 
March. As the drought advanced, the 
pond dried up for the first and only 
time since it was built more than 40 
years ago. 
When 10 inches of rain fell last 
June, the McVicker farm appeared 
to have recovered. Then another 
eight months of drought commenced 
and the waters evaporated again, 
shrinking the shoreline back to where 
it had been in January 2014. 
With the warm, windy days typical 
of springtime around Buffalo ahead, 
its future appears grim. 
The rise and fall (again) of the pond on the 
McVicker farm in Oklahoma 
Correlating the U.S. Drought Monitor with scenes on the ground over the years
This satellite 
image from 
Google maps 
was likely 
taken summer 
of 2014, when 
the pond was 
full for a brief 
period, or 
possibly before 
2010.
The 
approximate 
GPS 
coordinates 
of the pond: 
36.695489, 
-99.632000
What does drought look like where you live?
Drought in Maine looks different from drought in Arizona. The National Drought Mitigation Center (NDMC) and NIDIS 
would like to see what you see when you see drought in your part of the world. Help us out by being a citizen scientist! You 
can upload pictures to the Drought Impact Reporter or e-mail to nidis.program@noaa.gov. We’d like to feature the best shots 
in upcoming editions of Dry Times, the newsletter of the National Integrated Drought Information System. 
Photos by Gary McManus, 
Oklahoma State Climatologist
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D0: Abnormally dry
D1: Moderate drought
D2 Severe drought
D3: Extreme drought
D4: Exceptional drought
D3: Extreme drought
JAN 2012
D2 Severe drought
MARCH 2012
D4: Exceptional drought
AUGUST 2012
D3: Extreme drought
FEBRUARY 2015
D3: Extreme drought
JUNE 2014
D2 Severe drought
JANUARY 2014
D3: Extreme drought
MARCH 2013
D4: Exceptional drought
OCTOBER 2012
Maps from the U.S Drought Monitor archive 
The August 2012 picture shows some 
green weeds, but the area is in the throes of 
horrible drought and heat. By October they 
had an inch or two of rain, but still a deficit 
of 3-4 inches.That was also our warmest year 
on record so any moisture allowed things 
to green up a bit. Most of the green in that 
photo was thistle and evergreens. It shows 
some grass, but also lots of bare areas where 
the native buffalo grass died out. 
NDMC’s Tonya Haigh leads U2U publications 
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The NDMC’s Tonya Haigh, rural sociologist 
and research specialist at the 
National Drought Mitigation 
Center, is the lead author of 
two recently published papers 
based on surveys conducted 
Research explores ag advisers' abilities to communicate 
climate info
Agricultural advisers play key roles in agricultural 
decision-making, and it turns out 
that some are better prepared than 
others to use weather and climate 
information to help their clients 
manage risk under increasing 
climate uncertainty.
That’s one of the key findings 
identified in a paper led by 
the NDMC’s Tonya Haigh that 
was recently published in the 
January 2015 edition of Weather, 
Climate, and Society. The paper, 
“Agricultural Advisers as Climate 
Information Intermediaries: 
Exploring Differences in Capacity 
to Communicate Climate,” is 
available at http://go.unl.edu/yk5y.
Haigh’s co-authors include 
Cody Knutson, water resources 
scientist at the center and research 
associate professor in UNL’s 
School of Natural Resources; 
Lois Wright Morton at Iowa State 
University; Maria Carmen Lemos 
and Yun Jia Lo at the University of 
Michigan; Linda Stalker Prokopy 
at Purdue University; and Jim 
Angel with the Illinois State 
financial advice seem the least 
inclined to incorporate climate 
information into their advice.
“These findings highlight 
opportunities to work with advisers 
who are currently capable to use 
weather and climate information, 
and to increase the capacity 
of other types of advisers to 
enable them to be more effective 
weather and climate information 
intermediaries,” Haigh said.
She’d like this research to 
promote more alliances and 
teamwork within the agricultural 
advising community.
“I hope that it leads to 
increased partnerships with a 
range of advisers – including 
crop advisers and seed dealers, 
extension educators, the Natural 
Resources Conservation Service 
and the Natural Resources 
Districts — in our efforts to 
increase the usefulness and 
usability of climate information.”
-- by Mekita Rivas, School of 
Natural Resources, University of 
Nebraska-Lincoln
Water Survey at the University 
of Illinois at Urbana-Champaign. 
Stalker Prokopy is the principle 
investigator on the U2U project.
“Very little research has focused 
on the role of agricultural advisers in 
communicating climate information,” 
Haigh said. “Our 2012 survey of a 
broad range of agricultural advisers 
showed that some ag advisers are 
already willing and largely able to 
incorporate weather and climate 
information into the advice they 
provide.”
The group that seemed most 
ready to use climate information 
included certified crop advisers 
and agricultural retailers, in 
addition to extension educators. 
Certified crop advisers and ag 
retailers commonly provide advice 
with clear connections to short-
term weather predictions, as well 
as historical climate averages. 
Thus, they must be somewhat 
familiar with weather and climate 
resources and tools to stay 
competitive, Haigh said.
Compared with other advisers, 
those who primarily provide 
as part of the Useful to Usable 
project. Haigh recently completed 
a graduate certificate in Survey 
Research and Methodology. 
The U2U project, based at 
Purdue University, seeks to im-
prove the resilience and profit-
ability of farms in the corn-belt 
region through the development 
and dissemination of improved 
climate-related decision sup-
port tools, resource materials 
and training. The project is 
supported by a grant from the 
USDA National Institute of Food 
Tonya Haigh
and Agriculture. One of the 
project’s objectives is to better 
understand 
the factors 
influencing 
farmers’ 
decision-
making 
and how 
to best dis-
seminate 
climate 
information 
to producers.
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Survey explores when farmers make decisions, shedding light 
on when they need weather and climate information
A 2012 survey of Corn Belt farmers asked when 
they make key management 
decisions and what kind of 
climate and weather information 
they incorporated into their 
considerations. Researchers 
discovered that farmers were more 
likely to use current weather and 
short-term and monthly outlooks, 
even though historic weather and 
long-term outlooks could be more 
useful. 
A paper on their findings, led 
by the NDMC’s Tonya Haigh, 
“Mapping the decision points 
and climate information use of 
agricultural producers across the 
U.S. Corn Belt,” appears in Volume 
7 of Climate Risk Management and 
was published online in February: 
http://go.unl.edu/ndq3.
Haigh’s co-authors are Eugene 
Takle, Iowa State University; 
Jeffrey Andresen, Michigan State 
University; Melissa Widhalm, 
Purdue University; J. Stuart 
Carlton, Texas Sea Grant/Texas 
A&M University; and Jim Angel, 
Illinois State Water Survey, 
University of Illinois. 
Key findings were:
• A seasonal decision calendar 
approach, previously devised 
by Eugene Takle and 
collaborators, was effective in 
describing seasonal decision 
making and “entry points” for 
climate information into those 
decisions.
• Many key decisions in the 
cropping year take place during 
the preceding fall and winter, 
months before planting, raising 
questions about types of climate 
information that might be best 
inserted into risk management 
decisions at that time. 
• Integration of decision 
calendars and climate 
information use may vary 
regionally. 
“In order to make climate 
information more usable by 
farmers, the information needs 
to be available at the time the 
decisions are being made,” Haigh 
said. “It sounds elementary, but 
decision timing is often overlooked. 
For example, the primary decision 
making time for seed purchase and 
crop field assignments in is the fall, 
months before planting, largely 
due to dealer incentives.  What 
information can we provide at that 
time to inform these important 
decisions?”
Weather forecasts and outlooks 
rarely extend that far ahead. 
“Supplementing climate forecasts 
with historical climate information, 
while currently underused, may 
be a way to contribute usable 
information,” Haigh said. 
For instance, in recent decades 
considerable attention has been 
given to particular conditions in 
the sea surface temperatures in 
the equatorial Pacific Ocean basin 
known as the El Niño-Southern 
Oscillation (ENSO). Pairing an 
ENSO forecast with information 
about how ENSO has historically 
influenced local temperatures, 
precipitation patterns, and crop 
yields can help producers with a 
variety of decisions depending on 
the time of year. 
This approach has been 
successfully applied to the 
southeastern U.S. with the 
AgroClimate system and U2U has 
developed The Climate Patterns 
ViewerDST, a similar tool for the 
U.S. Corn Belt (http://agclimate4u.
org). The tool was developed 
using the farmer survey data about 
their needs and decision-making 
timeframes.  
Haigh concluded, “As U2U is 
developing decision-support tools, 
we’re asking, what decision would 
be made with that tool? Is your tool 
valid for when they’re going to be 
making that decision?”
Eugene Takle and collaborators developed this prototype of a climate-based decision 
calendar for corn production for the central U.S. Corn Belt region. 
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SW Montana watershed managers, stakeholders, convene for 
drought planning workshop
By Chad McNutt and 
Kathleen Bogan, 
National Integrated 
Drought Information 
System
On March 16-17, the 
National Integrated 
Drought Information 
System (NIDIS), 
the National 
Drought Mitigation 
Center (NDMC) 
and Montana’s 
Department of 
Natural Resources 
and Conservation 
(DNRC) hosted 
a workshop in 
Bozeman, Montana, to bring 
together participants from the 
Upper Missouri Basin to discuss 
ways to improve drought early 
warning and drought resilience. 
The event, “Building Drought 
Early Warning Capacity,” was 
part of a larger demonstration 
project for Montana developed by 
the National Drought Resilience 
Partnership (NDRP).
The workshop gathered 
watershed-based teams who can 
start community conversations on 
managing scarce water resources 
and preparing for future drought. 
Representatives of seven 
sub-watersheds attended (shown 
on the map), including the 
Beaverhead, Ruby, Big Hole, 
Upper Gallatin, Lower Gallatin, 
Madison, and Jefferson Rivers. 
The diverse group included 
Big Sky Watershed Corps 
(BSWC) AmeriCorps members, 
watershed coordinators, state 
and local agencies, city planners, 
agricultural producers, land trusts, 
conservation districts, NGOs, 
hydrologists, and local federal 
partners.
vulnerability to 
drought.
How will we 
recognize the 
next drought in 
the early stages? 
Understanding what 
data are available 
and collecting more, 
if necessary, are 
key. This is part of 
monitoring and early 
warning.
How can we 
protect ourselves 
from the next 
drought? The 
answer to this will 
vary tremendously 
depending on the 
enterprise. The NDMC maintains 
searchable databases of drought 
plans and mitigation actions.
After researching impacts, 
monitoring, and management 
options, the team will need to 
come up with a plan detailing how 
the organization will recognize 
and respond to drought. In many 
cases it may be appropriate to 
use triggers to phase in response 
actions according to the severity 
level of drought.
In addition to the overarching 
theme of drought, the workshop 
highlighted the opportunity to 
develop broader water management 
plans to reflect water shortages even 
in non-drought years.
The group identified several 
possible next steps, including 
continuing the dialogue with the 
NDMC, NIDIS, and DNRC through 
webinars and in-person meetings 
to exchange information on 
drought planning (such as NDMC’s 
Managing Drought Risk on the 
Ranch), improve understanding of 
seasonal climate forecasts, and 
discuss other topics of interest.
Using tools to support 
step-by-step planning
Over the course of the 
workshop presenters showed a 
mix of new and existing data tools 
that could be used to develop or 
strengthen watershed-specific 
drought plans. Some of the 
headwaters groups already had 
plans in place; others were starting 
from scratch.
Facilitators from NIDIS and 
the NDMC led the group in a step-
by-step drought planning process 
using such applications as the 
Drought Impact Reporter and 
the Drought Risk Atlas, to track 
conditions, identify triggers and 
work through potential conflicts 
between water users.
By assembling teams of 
relevant decision makers and 
stakeholders, the groups had 
already accomplished the first step 
in any drought-planning effort. 
Then they began to work through 
key questions:
How will drought affect us? 
Looking at past drought impacts 
helps people understand their 
     ©2015 National Drought Mitigation Center       DROUGHTSCAPE   13
Wind River Reservation in Wyoming starts monitoring drought
Researchers working with tribal leaders have 
published their first edition of the 
Wind River Reservation Climate 
and Drought Summary. This 
document serves as the first of 
many decision-support tools to 
help managers make decisions 
about water availability and 
allocation for the 15 beneficial 
uses in the Tribal Water Code, and 
was the culmination of workshops, 
webinars, and conference calls 
attended by resource managers 
and research scientists.
These publications, expected 
quarterly, will be accompanied by 
hands-on trainings with tribal water 
managers to help build capacity to 
eventually produce the summaries 
in-house. This capacity building 
activity is part of a larger project 
at Wind River Reservation that 
the North Central Climate Science 
Center is supporting on drought 
vulnerability and preparedness 
for the Eastern Shoshone and 
Northern Arapaho Tribes and their 
other local, state, and federal 
agency partners.
The document was co-produced 
by the Wind River tribal water 
managers in partnership with the 
High Plains Regional Climate 
Center, the National Drought 
Mitigation Center, the NC CSC and 
and the National Integrated Drought 
Information System (NIDIS). 
Click here to learn more about 
the project to reduce drought 
vulnerability and develop decision 
support tools to increase drought 
preparedness on the Wind River 
Indian Reservation.
-- Story thanks to the North Central 
Climate Science Center
Participants at a March 3 workshop 
used a map of the reservation 
land to identify gaps in data and 
monitoring. 
Click here to read the first edition of the Wind River Reservation Climate and Drought Summary.
water resources management 
in anticipation of a changing 
climate. Other monitoring systems 
developed as part of the project 
focus on irrigated agriculture, water 
resources and locusts. 
“Climate observations during 
the last 40 years have shown that 
Morocco is experiencing major 
impacts from climate change, 
such as increased temperatures 
and decreased precipitation,” 
Bijaber said, and conditions will get 
worse, based on the projections 
of the Intergovernmental Panel on 
Climate Change.
The main focus of Morocco’s 
new drought index is to assess 
conditions in areas used for 
non-irrigated cereal crops or for 
grazing. It will mainly be used by 
government agencies, such as the 
Moroccan Ministry of Agriculture 
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Researchers collaborate with Morocco on state-of-the-art 
satellite-based drought index
By Kelly Helm Smith, NDMC
Morocco will have one of the world’s first drought 
early warning systems that 
integrates several remotely sensed 
data sets from NASA and other 
U.S. agencies into a composite 
agricultural drought indicator. The 
new Moroccan Composite Drought 
Index (MCDI) was developed with 
backing from the World Bank and 
with technical assistance from the 
National Drought Mitigation Center 
(NDMC) and Center for Advanced 
Land Management Information 
Technologies (CALMIT), both based 
at the University of Nebraska-
Lincoln, and from the University of 
Maryland, College Park. 
“This is applied earth science 
research at its best,” said Mark 
Svoboda, leader of the NDMC’s 
Monitoring program area. “There 
are only a handful of systems like 
this in the world.” 
“Over the past decade, a 
convergence of the satellite-based 
sensors coupled with improved 
computing capabilities and modeling 
approaches has allowed us to make 
great steps in monitoring agricultural 
drought,” said Brian Wardlow, 
director of CALMIT.  
“The combined drought index 
developed in the framework of 
this project constitutes a new 
methodology of drought monitoring 
in Morocco,” said Noureddine 
Bijaber, with Morocco’s Royal 
Centre for Remote Sensing. “The 
added value is that we can monitor 
vegetation at each 5-kilimeter grid 
cell every month by combining 
data on precipitation, soil moisture, 
evapotranspiration and vegetation 
condition.” 
The new drought index was 
developed as part of the Land 
Data Assimilation Systems-Maroc 
project, designed to improve 
The Morocco Composite Drought Index for January 2015 shows drought in the 
country’s northern edge, along the coast of the Mediterranean Sea.
continued on next page
and the Ministry of Energy, Mines, 
Water and Environment, but others 
who may use it include insurance 
companies, researchers, and 
individual agricultural producers, 
Bijaber said. One of the next steps 
will be for the ministries to compare 
historic values from the computed 
composite index with data such 
as actual crop production so that 
the project team can fine-tune the 
blends of data, if needed. 
As in other African countries, 
in situ data – observations 
recorded for a given location -- 
are fairly sparse across Morocco, 
hence the emphasis on remotely 
sensed data, Svoboda said. He 
and Wardlow worked with Chris 
Hain, an atmospheric scientist 
at the University of Maryland, to 
identify satellite-derived data that 
would work for these purposes. 
They came up with four different 
indicators based on three data 
streams from NASA and one from 
a coalition of U.S. agencies. 
The team worked with a local 
validator, Yessef Mohammed, at 
the Hassan II Institute of Agronomy 
and Veterinary University, to 
develop a weighting scheme for 
blending the four indicators into 
a composite drought index. The 
indicators are: the Normalized 
Difference Vegetation Index (NDVI) 
Anomaly and Evapotranspiration 
Anomaly, both generated by the 
U.S. Geological Survey’s Famine 
Early Warning Systems Network, 
and Land Surface Temperature-
based soil moisture input 
produced by NASA, and a two-
month Standardized Precipitation 
Index, based on the multi-agency 
Climate Hazards Group InfraRed 
Precipitation with Station data 
(CHIRPS).  
NDMC spatial analyst Chris 
Poulsen crunched the data for 
each of the four inputs, as well as 
the MCDI, for each of the 26,000 
grid points, and delivered the 
results, complete with database, 
code and script, to his Moroccan 
counterparts. The NDMC led 
production of the new MCDI for 
January and February. 
Once the validator completes 
his work and the methodology is 
completely fine-tuned, the drought 
composite index will be produced 
monthly from October to April of 
each year, Bijaber said. 
“Ideally, this will eventually link 
into a Moroccan national drought 
policy or a plan as a trigger,” 
Svoboda said.  
Over the course of the project, 
various U.S. team members 
made three trips to Morocco, and 
Moroccan counterparts made one 
trip to the NDMC for training. In 
late February, Svoboda and two 
U.S. university colleagues traveled 
to Rabat and held a workshop 
for about 40 stakeholders, mostly 
from various Moroccan ministries, 
but with representation from other 
countries in the Middle East-North 
Africa region and from NASA. 
 “The technical assistance from 
the experts with the University of 
Nebraska and the University of 
Maryland, led by Mark Svoboda, 
was very helpful,” Bijaber said. 
“We appreciate this know-how 
transfer and we are thankful for the 
cooperation and help of each expert.”
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Remote sensing experts and representatives of Morocco’s government worked 
together to create the Morocco Composite Drought Index, measuring the effects 
of dry weather on unirrigated grain crops and on pasture land. 
“Ideally, this will 
eventually link 
into a Moroccan 
national drought 
policy or a plan as a 
trigger.”
-- Mark Svoboda, NDMC
continued from previous page 
EU’s Drought:  
Research & Science-
Policy Interfacing
Mark Svoboda, leader of the NDMC’s Monitoring 
program area, was a presenter and 
panelist at the European Union’s 
International Conference on 
Drought: Research and Science-
Policy Interfacing, March 10-13 in 
Valencia, Spain. The conference 
was the culmination of a three-year 
effort to enhance understanding 
of drought as a natural hazard, 
including climate drivers, drought 
processes and occurrences; of 
environmental and socio-economic 
impacts; and of vulnerabilities, 
risks and policy responses, 
including further development of 
drought management plans. The 
project addresses past and future 
climate and links science and 
policy across scales and sectors.
Northeast Brazil implementing  
composite drought monitoring
A nine-state area in Northeast Brazil is the latest part 
of the world to implement a 
compound drought index similar 
to the U.S. Drought Monitor, with 
monthly operational maps due 
to go live this summer. The new 
Monitor de Secas do Nordeste 
(Northeast Drought Monitor) is the 
result of a two-year World Bank 
project that included training and 
advice from the National Drought 
Mitigation Center. 
Brian Fuchs, NDMC 
climatologist and U.S. Drought 
Monitor author, traveled to Recife, 
Brazil, to help with a final March 
31 training for map authors and an 
April 1 training for map validators. 
“We can provide guidance on 
ideas, methodology and process, 
but they still have to make it work 
for their needs,” Fuchs said. “They 
did a good job of adapting it to their 
data and conditions.” 
The U.S. Drought Monitor 
process incorporates many 
different kinds of data onto a single 
map each week, augmenting 
data with reports on impacts and 
conditions from a nationwide 
observer network.
Brazil’s new drought monitoring 
map is the culmination of a 
many-step process. Brazilian 
counterparts traveled to Lincoln, 
Nebraska in March 2014 to 
observe the making of the weekly 
U.S. Drought Monitor, and to 
Mexico, to observe the monthly 
North American Drought Monitor 
process. Others who helped 
bring the project to fruition were 
Mark Svoboda, head of the 
NDMC’s Monitoring program area, 
Michael Hayes, NDMC director, 
Bruno Biazeto, a meteorological 
consultant with ARESTech, 
Carmen Molejon and Nate Engle, 
with the World Bank, and Eduardo 
Martins and Robson Franklin 
Vieira Silva, with FUNCEME, the 
Brazilian meteorological agency. 
For more information (in Portugese):  
http://diariodonordeste.verdesmares.com.br/cadernos/regional/
monitor-de-secas-do-brasil-pode-ser-alternativa-para-o-
semiarido-1.839270
For more information:
Drought Research and Science-
Policy Interfacing, March 10-13, 
Valencia, Spain
http://www.icdrought2015.upv.es/
U.S. Drought Monitor Forum, April 14-16, 2015
See archived presentations: http://www.dri.edu/us-drought-monitor-forum
Recent Drought-Related Events
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When it comes to the economy of most ski resorts and recreation-based communities, drought is a bad or 
even a banned word. Diane Johnson, Communications and 
Public Affairs Manager for Eagle River Water and Sanitation 
District (which serves the Colorado mountain resorts of Vail and 
Beaver Creek as well as surrounding communities), and Nolan 
Doesken, State Climatologist for Colorado, will recount the 
drought of 2012. Diane will describe how, after a winter with one 
of the lowest snowpacks on record, her utility successfully met 
community needs for water that summer -- with minimal economic 
impact. Proactive public outreach and community collaboration 
addressed regional issues to support local economic drivers while 
carefully managing summer water supplies for homes, hotels, 
golf courses, businesses, landscaped areas, fire protection, 
and river recreation. Diane will recall the sequence of decisions 
made and the public information strategies -- including effective 
interpretation of climate data -- that made it work.
Walking the tightrope:   
Navigating extreme drought in a Rocky Mountain resort community
Free webinar: 
Friday, May 15, noon Central time
Register to receive login information:
http://goo.gl/7o4WqI
